Metal removal performance of filter cartridge with bi-layered structure was investigated.
In order to reach maximum performances, the preconditioning procedure of the ion exchange cartridge was (246) Vol.14 Supplement (2003) conducted. It is common for ion exchange resin, because the ion exchange membrane needs to be swollen with the fluid used for filtration before use. The details of the installation procedure were as follows. The UPW was filled to the dry cartridge sample and flushed for 5 min, and sample cartridges were allowed to equilibrate by an over-night soaking. In order to confirm the initial cleanliness of the system, UPW was sampled out after 1, 2, 3, 5, 10 and 15 mm after the operation started and metal concentration was analyzed by ICP-MS.
Metal Removal Experiment
5 minutes after the UPW system was started, the injection pump was honed on to spike the metal ions. The concentration of each spiked metal was controlled to 20ng/dm3, 50ng/dxn3, 100ng/dm3 and 200ng/dm3. The filtrate water was sampled out after 3 min when the concentration had changed. Feed metal spiked solutions were also sampled out and compared. The metal concentration was measured by HP-4500 ICP-MS on 700 W of RF power with a signal accumulation time of 1 s for each element.
3 Results and Discussion
Cleanliness of the Filter Cartridges
The metal impurity level in the filtrate of both ion exchange cartridge and UHMWPE cartridge were almost at the same level from 1 min to 15 min. All elements were 1 ng/ dm3 or less and were the minimum concentrations that could be detected by ICP-MS.
Metal Removal Test
The Fig. 2 Retention of the ion exchange cartridge Fig. 3 Retention of the UHMWPE cartridge metals have around 100 times smaller K value (equilibrium constant) compared to alkaline earth metals ar polyvalent metals. The behavior of the metal retention compared with initial various metal concentration shows no relationship, suggesting that the ion exchange reaction is a first order reaction. In general, this type of reaction between a dilute solution and a solid surface is known as mass transfer control. Because the boundary layer an the surface of the micropores, the fluid is not in convection metal ions need to diffuse through the boundary layer to meet the ion exchange group before the ion exchange reaction can take place.
In the case of Fe with ion exchange cartridge, the concentration of filtrate was constant on the minimum level of ICP-MS detection. On the other hand, retention of the UHMWPE cartridge was over only 80%. Fe was forming colloidal particles in the experimental conditions. These colloidal particles have large particle size distributions.
Smaller particles contain electrical charge, which could be absorbed onto the ion exchange membrane. However the electrical charge density of larger particles were smaller to be absorbed on ion exchange membrane but entrapped on UHMWPE membrane.
Al, Cr, Cu and Pb, the affinity was high enough to be able to be absorbed on the UHMWPE membrane surface and also an ion exchange membrane.
The behavior of Zn was quite different compared to other metal ions. It is known that zinc carbonate (ZnCO3) around neutral pH has a solubility of few ng/dm3 as non-electrolyte salt form.
[3] It wasn't adsorbed by cation exchange or UHMWPE membrane. Zn contamination is very hard to be removed with ion exchange membrane as well as ion exchange resin.
